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(71) We, The Upjohn Company, a 
corporation organized and existing under the 
laws of the State of Delaware, United States 
of America, of 301 Henrietta Street, Kala- 
mazoo, State of Michigan, United States of 
America, do hereby declare the invention, for 
which we pray .that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention relates to compositions and 
processes for combatting <and reducing 'hyper- 
cholesteremia in affected mammals, £or 
example, dogs and birds such as chickens by 
orally a dmini stering thereto an effective 
amount of a non-toxic polymer prepared from 
(1) a polyemyleneknine and a bifunctional 
substance e.g. epiditorohydrin or l,2:3,4-di- 
epoxybutane or (2) a polyethyleneimine and 
an epoxide e.g. epoxythane (ethylene oxide) or 
2,3-epoxy-l-propanol(glyddol). 

In accordance with the manner and pro- 
cess of using the present invention, u suffi- 
cient amount of a cholesterol-lowering agent 
is orally administered to the affected mammals 
and birds to provide beneficial effects in 
lowering cholesterol. The cholesterol-lowering 
agent is administered after compounding into 
dosage forms with a nontoxic, compatible, 
edible oral carrier. The polyediyleneimines 
used in providing the polymers are of the 
formula 

NH 2 — (CHoCHaNH)* — H 

where n is a number from 4 to 1000.. They Likewise with ethylene glycol bis-epoxypropyl 

have the low equivalent weigjht of approxi- ether the copolymer contains cross-links repre- 

mately 43. From among these polyethylene- sented by 
imines tetraemylenepentamine and a polyethy- 

— CHzCHOHCHaOCHz CH 2 OCH 2 CrIOHGH — , 

70 and in the case of 1,4-butanediol bis-epoxy- propyl ether by 

— CH 2 CTOCH 2 0(OT^ 



10 



15 



20 



25 



30 



35 



leneimine having a viscosity of about 15,000 
cps. (when anhydrous) are preferred. Poly- 
ethyleneknines are described in U. S. Patents 
2,644,760; 3,152,188; 3308,020; and 
3,332,841. Sources of polyethyleneimines 
are the Dow Chemical Company and the 
Industrial Chemical and Dye Company. 

In order to provide copolymers of . the 
inventive process, such polyelhyleneimines are 
cross-linked with certain bifunctional . com- 
pounds having epoxy groups and/or halogen 
atoms; namely, epicMorohydrin, glycerol-1,3- 
dicMoiohydrin, 1,2 : 3,4^diepoxybutane, bis- 
epoxypropyl ether, ethylene glycol bis- 
epoxypropyl ether and 1,4-butanediol bis- 
epoxypropyl ether according to known 
methods; for example, those of U. S. Patent 
3,002,823; Peterson and Sober, J. -Am. Oaem. 
Soc. 75:751-755 (1956), and McKernan and 
Ricketts, Chemistry and Industry, November 
21 (1959) pgs. 1490-1491. Illustratively, with 
epicMorohydrin as cross-linking agent the co- 
polymer contains cross-links represented by 

— CH2CHOHCH2 — ; 

with 1,2 : 3,4-diepoxybutane by 

— CH 2 CHOHCHOHOI*— ; 

with bis-epoxypropyl ether by 

---^gCHOHCHaOCHaCHOHCHz— . 
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Hence, these copolymer cross-linked products 
contain a residue of an aliphatic radical having 
three to ten carbon atoms inclusive. Hie con- 
tent of cross linking moiety expressed as % 

5 by weight of the polymer is at least 10%, 
preferably at least 14%, and reaches in some 
cases 47% or higher. 

Further, the process of the present invention 
utilizes graft polymers of the polyechylene- 

10 imines and an epoxide of the formula : 

O 

gh 2 — oa— R 

wherein R is hydrogen, 'hydrsaxymethyl, lower 
alkyl having one to six carbon atoms inclu- 
sive; for example, meriiyl, ethyl, propyl, iso- 

15 propyl, butyl, isobutyl, pentyl and hexyl; or 
phenyL Examples of such epoxides are: 
epoxyethane (ethylene oxide), 2,3-epoxy-l- 
propanol (gjycidol), 1,2-epoxypropane, 1,2- 
epoxybutane, 1,2-epoxypentane, 1,2-epoxy- 

20 hexane and styrene oxide (jflienylethylene 
oxide). Illustratively, the substituted nitrogens 
of die graft polymers of polyethyleneimine 
with ethylene oxide can be represented by the 
formula: 

25 *^^STGB[2CH 2 )— 
CBT 2 OH 

and with glycidol by the formula: 
^ (NCH 2 CH 2 ) — 
GH Z 
CHOH 
CH 2 OH 

The polymer suitably prepared as required 
or desired with an edible oral carrier into an 

30 oral dosage form is administered in varying 
amounts depending upon the weight of the 
mammals and birds under treatment. The pre- 
ferred regimen of the oral administration is 
four times daily. Eadi dosage amount ranges 

35 from about 0.5 Gm. to about 25 Gm., prefer- 
ably from about 2.5 Gm. to about 3.75 Gm. 
Suitably the active ingredient can be reduced 
to a particle size of no more than about 50 
microns. Both the free base and add addition 

40 salt forms of the polymers are operable, for 
example, the hydrochloride, sulfate, 'Phos- 
phate and citrate. Oral administration of the 
polymers provides a method of binding bile 
acids and combatting hypercholesteremia 

45 which is free of the unsatisfactory and un- 
acceptable taste and/or odour which usually 
accompany methods utilizing, for example, too 
oily vehicles «or quaternary ammonium ion 



exchangers based on polystyrenes with divinyl- 
benzene moieties. m , 

The term "edible oral earner' means the 
diluents, exeipients, aqueous vehicles, oily 
vehicles, binders, disintegrators, and lubricants 
used by those skilled in the art in preparing 
oral dosage forms and products, e.g. capsules, 
gels, magmas, powders, solutions, emulsions, 
suspensions, granules, and tablets. It also 
means animal and bird rations containing the 
usual dietary ingredients, that is, carbo- 
hydrate, fat, mineral, proteins and vitamins; 
for example, the diet for cockerels, Tenant 
et aL, Proa Soc. Exp. Biol. Med. 9tf:679 
(1957) and similar rations for dogs. 

Also according to the invention there are 
provided novel pharmaceutical compositions 
comprising a non-toxic ingestible polymeric 
reaction product of a polyethyleneimine of the 
formula 

NH* — (CHzd^NEOa — H 

wherein n is a number from 4 to 1,000, and 
epidilorohydrin, ^ycerol-l,3-didilorohydnn, 
1,2 : 3,4-diepuxybutane, bis-epoxypropyl ether, 
ethylene glycol bis-epoxypropyl ether, 1,4- 
butanediol bis-epoxypropyl ether, or an 
epoxide of the formula: 

O 

CHz — CH — R 

wherein R is hydrogen, hydroxy-Diethyl, lower 
alkyl having from 1 to 6 carbon atoms inclu- 
sive or phenyl, or an acid addition salt of said 
reaction product other than a composition that 
is a non-sterile aqueous solution or an un- 
favoured solution. 

Additional active ingredients, while not 
necessary to the embodiments of die inventive 
concept, can suitably be added thereto, for 
example, unsaturated fatty acids e.g. linoleic 
acid, arachidonic add and linolenic acid; 
edible vegetable oils e.g. as corn o9 and saf- 
flower oil; choleretic agents e.g. as tocamphyl 
and florantyrone; fecal softeners e.g. as polox- 
alkoi and dioctyl sodium sulfosuccinate; other 
•hypocholesteremic agents e.g. the D-isomer of 
3,3 ',5-trnodomyronine, triiodothyropropionic 
acid; thyroxine compounds eg. sodium L- 
thyroxine and sodium D-thyroxine; nicotinic 
acid, clofibrate, nafoxidine hydrochloride, 5- 
met^lpyrazole-3-carbioxyIic acid and 3- 
methyl-5-isoxazolecarboxylic acid. 
Preparation 1 ' 

To a cold solution of 38 Gm. (0.20 mole) 
of tetraethylenepentamine and 400 ml. of 
water under a nitrogen atmosphere is added 
with stirring 39 ml. (46.2 Gm., 0.50 mole) of 
epichlorohydrin. The mixture is stirred at room 
temperature overnight, then heated on a steam 
bath for 2.5 hours. The mixture (pH ca. 6) is 
cooled and the pH of the solution is adjusted 
to 4.0 with concentrated hydrochloric acid. 
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The resulting solution is then dialyzed for 17 
hours using cellulose casing (Union Carbide 
Corp.). Isolation of die product by freeze- 
drying gives 32 Gm or copolymer hydro- 
5 chloride. The dried copolymer has a low solu- 
bility in water, but swells in contact with 
water. Content of cross-linking moiety is about 
44%. 

AnaL Found: C, 44.59; H, 8.02; a, 20.73; 

10 N a 14.61. 

Preparation 2 

In another preparation, 114 Gm. of ttetra- 
ethylenepentarnine in 1000 ml of water is 
treated with 117 ml. of epicHorohydrin at 

15 ambient temperature for 1 hour and at 95 °C 
for 35 hours. The pH of the cooled mixture 
is adjusted to 4 — 4.5 with 24 ml. of concen- 
trated hydrochloric acid and after concentra- 
tion of the dialyzed solution there is obtained 

20 250 Gm of copolymer solution containing 
49.4% copolymer by weight. 
Preparation 3 

Heat is applied carefully to a mixture of 38 
Gm. of tetraemylenepentaniine, 400 mi. of 

25 water and 19 ml. of epichlorohydrin until the 
exothermic reaction subsides. An (additional 19 
mL of epicHorohydrin is added dropwise and 
the resulting mixture is heated and stirred at 
60°C« for 2 hours. The mixture is cooled and 

30 basifled to pH 8.5 using concentrated 
aqueous potassium hydroxide solution, then 
heated again for 1 hour. The mixture is cooled, 
basified to pH 11 with aqueous potassium 
hydroxide solution and then dialyzed in cellu- 

35 lose casings for 1.5 days. The resulting solu- 
tion is acidified to pH 6 with concentrated 
hydrochloric acid. The mixture is concentrated 
on a rotating evaporator and the resulting 
residue is 'dried in vacuo at 70°C. The poro- 

40 duct is pulverized in a Waring Blendw, yield 
51 Gm, This material swells in the presence of 
water but does not dissolve. 
Preparation 4 

A mixture of tetraethylenepentamine and 

45 eoichlcrohvdrin is Dolymerized in water solu- 
tion as in Preparation 3. The pH of the mix- 
ture is adjusted to 12 with aqueous potassium 
hydroxide solution and *the resulting solution 
is dialyzed as described above. To provide an 

50 acid addition salt, the pH of an aliquot 
of the aaueous solution of the copoly- 
mer is adjusted to a <pH of about 7 
with sulfuric acid. Other such acids 
can also be used, for examole, phosphoric 

55 acid and citric acid. The products are isolated 
in the usual way. Both the free base and acid 
addition salt forms are useful as embodiments 
of the invention to provide hypocholesteremic 
effects. 

60 Preparation 5 

To a mixture of 246 Gm. of an aqueous 
solution of polvemvleneiniine, viscositv about 
15,000 cps. (when anhydrous), Industrial 
Chemical and Dye Co., Inc, containing 82 



Gm. of polymer, and 750 ml. of water is 65 
added 19.5 mL of epichlorohydrin with stir- 
ring. The gelatinous mixture is heated at 
70°C. for 2 hours before being dispersed with 
a Waring Blender. The mixture is again 
heated at 70°C. for 2 hours and then let stand 70 
overnight at room temperature. The mixture 
is partially neutralized with 100 ml. of con- 
centrated hydrochloric acid and diluted to a 
weight of 1490 Gm. with water. The result- 
ing aqueous preparation contains approxi- 75 
mately 10% copolymer by weight The con- 
tent of cross-linking moiety is about 14%. 
Preparation 6 

To a solution of 189 Gm.. (1 mole) of 
tetraethylenepentaniine in 1500 ml. of water 80 
is added 2 moles lof 1 3 2 : 3,4-diepoxybutane in 
portions so as to control the exothermic re- 
action. The solution is then heated at 80— 
100°C. for 2 — 5 hours. The mixture is cooled 
and dialyzed to remove unwanted low molccu- 85 
lar weight material The aqueous solution is 
adjusted to pH about 7 with hydrochloric acid 
to prepare the copolymer hydrochloride. 
Preparation 7 

In a like manner to Preparation 6, the 90 
tetraethylenepentaniine is replaced with an 
equivalent weight of penmethylenehexamine 
and the latter is copolymerized with 2.5 moles 
of l 3 2:3,4wtfepoxybutane to give the corre- 
sponding copolymer. 95 
Preparation 8 

A solution of 76 Gm. of tetraethylene- 
pentaniine, 800 ml. of water and 39 ml. of 
epichlorohydrin is stirred at ambient tempera- 
ture for one hour and at 90°C for an addi- 100 
tional hour, then cooled to 30 — 40°C Sodium 
hydroxide (15 Gm.) in 30 ml. of water is 
added followed by 39 ml. of epicMorohydrin. 
The mixture is again stirred at ambient tem- 
perature for one hour and at 90°G for one 105 
hour when 15 Gm. of sodium hydroxide in 
30 ml. of water is added. The mixture is 
heated on the steam bath for 2 hours to pro- 
duce a thick jelly. The <pH of the mixture is 
adjusted to 6 with concentrated hydrochloric 110 
acid and the copolymer hydrochloride is pre- 
cipitated using ethanol. The rubbery product 
is triturated with ethanol (2 times), dried in 
vacuo at 80°G and the resulting solid is 
ground to a fine powder using a Waring 115 
Blendor, yield 110 Gm. 
Preparation 9 

To a warm solution of 3.78 kg. (20 moles) 
of tetraetshylenepentamine in 40 1. of water 
is added 4.6 % (50 moles) of epichloro- 120 
hydrin. After the exomermic reaction subsides 
(about one hour), 4 kg. of 50% aaueous 
sodium hydroxide solution (50 moles) is added. 
The resulting neutralized gel is transferred to 
flat trays and air-dried at 80°C The dry solid 125 
is suspended in water, the suspension is fil- 
tered, and the filter cake washed with water. 
The cake is air-dried at 80°C. to 6.8 kg. of 
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copolymer Which is then milled to produce a 
uniform granular solid suitable for use in for- 
mulation. . „ _. ' - 

Generally, the manner of making the poly- 
mers of polyethyleneirnine and the epoxides of 
the above formula: 

O 

where R is as defined above, is to start with 
an aqueous solution of polyethyleneimine. To 
100 to 300 ml of such an aqueous solution 
containing about 42 Gm. of the polyethylene- 
irnine is added with stirring 0.1 to 1 mole ot 
the epoxide in portions so as to control me 
exothermic reaction. After the initial exo- 
thermic reaction subsides, the mixture is 
heated at 50— 100°C. for 0.5 to 5 hours. The 
mixture is cooled and dialyzed if desired to 
remove superfluous low molecular weight 
material. The polymer solution is then acidi- 
fied with a suitable acid until the solution 
reaches a suitable pH and the solution is then 
conciliated if desired (or dfluted). Suitable 
acids include hydrochloric, hydrobwnnic, sul- 
phuric, acetic, nicotinic and phosphoric. Suit- 
able pITs are from about 2 to 9. The concen- 
tration step can be carried to the point of 
obtaining the product as an aqueous solution 
or as a solid which can be ground or pulver- 
ized and formulated. In the case of insoluble 
epoxides, it is advantageous to carry out the 
polymerization in ethanolic or aqueous- 
ethanolic solution and to then remove the 
ethanol in the concentration step* 
Preparation 10 m . 

To a mixture of 123 Gm. of aqueous poly- 
ethyleneirnine solution (containing 41 Gm. of 
polymer) and 250 ml. of water is added 37 Gm 
of] gjycidol. The mixture (exothermic) is stirred 
at ambient temperature overnight and is tnen 
heated at 85— 90°C. for 2 'hours. The cooled 
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mixture is dialyzed in cellulose casings for 3 
days giving the polymer (pH of solution, 11.5). 
The mixture is acidified to pH 5 with con- 
centrated hydrochloric acid (ca. 70 ml.) and 
concentrated in vacuo to give 254 Gm. of an 
aqueous solution containing 36% polymer 
•hydrochloride. The polymer is obtained as a 
water-soluble solid by removing the remain- 
ing water. 

Preparation 11 . 

To 200 ml. of an aqueous solution of poly- 
ethyleneirnine (containing 41 Gm. of polymer) 
in a glass-lined steel bomb at about 0°C. is 
added 50 ml. of cold ethylene oxide. The bomb 
is sealed and the mixture is shaken at ambient 
temperature for several hours and then at 
100°C for 4 — 5 hours. The mixture is cooled 
and then dialyzed in cellulose casings for 24 
hours to give the polymer (pH of solution 12). 
Hie mixture is acidified topH 5 with concen- 
trated hydrochloric acid and is then concen- 
trated in vacua to give 233 Gm. of an aqueous 
solution containing 43% polymer hydro- 
chloride. , . 

Materials and methods for evaluating the 
nova process of this invention are described 
by Parkinson, J. of Lipid Research, 8: 24-29 
(1967). Therein, for example, bile acid-binding 
capacity can be determined by adding a 
weighed amount of a polymer to a 1% solution 
of bile acid in 0.9% saline at pH 62 The 
mixture is well shaken, centrifuged and the 
supernatant separated for determination of 
cholic acid. Decreases in the cholic acid con- 
tent show effective bile acid-binding capacity. 
Likewise, cockerels made hyperchole^CTodemic 
by a diet to which 2% of cholesterol is added 
are used to determine serum sterol lowering 
effects when the diet is supplemented with 
known amounts of the active polymers. 

The following exemplifications illustrate 
the method of using the invention and also 
include therein illustrations of some novel 
pharmaceutical formulations. 
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le 1 Effect of Tetraethylenepentamine-Epicblorohydiin Copolymer Hydrochloride in Cholesterol- 
Fed Cockerels. 
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* 6 birds/group in all groups except ** 



** 5 birds/group 

(143A) Copolymer (Preparation 8) used as hydrochloride powder. 
(142A) Copolymer (Preparation 1) used as 50% of hydrochloride in water 
(142B) Copolymer (Preparation 1) used as hydrochloride powder. 



Example 2 Capsule 

One thousand two-piece hard gelatin cap- 
sules for oral use, each containing 500 mg. of 
5 tetraethylenepentam in e - epidilorahydrin co- 
polymer (Preparation 1) are prepared from i&e 
following ingredients: 

Tetraethylenepentamine- 

epicMorohydrin copolymer 500 Gm. 

10 Talc, U.S.P. " 50 Gm, 

Magnesium stearate, U.S. P. 2 Gm. 

The finely powdered ingredients are mixed 
thoroughly, then filled into hard gelatin cap- 
sules of appropriate size. 
15 Two capsules are taken four times a day 
with meals and an evening snack to lower 
blood cholesterol in hypercholesteremic 
patients. 

Example 3 Powder packets 
20 Ten thousand powder packets, each con- 
taining 3.75 Gm. of a tetraethylenepenmmine- 
epichlorohydrin copolymer (Preparation 9), are 
prepared from the following: 



Tetraediylenepeutamine- 
epicMorohydrin copolymer 37,500 Gm. 25 

One or two packets emptied and stirred 
into water, fruit or vegetable juices, skimmed 
milk, or mixed with cereal, applesauce lor other 
food, is given three times daily with meals in 
the relief of severe pruritis associated with bile 30 
stasis such as in biliary cirrhosis wtih incom- 
plete ciliary obstruction. 
Example 4 Oil Suspension 

One thousand ml. of an oral suspension 
containing 750 mg. tof tetraethylenepentamine- 35 
diepoxybucane copolymer (dry powder) in 
each 5 ml. is prepared from the following 



150 Gm. 40 
1,000 ml. 



Telraetlhylenepentamine- 

diepoxybutane copolymer 
Oil base, q.s. 



Hie oil base consists of equal parts of soy- 
bean oil and purified linseed oil gelled with 
1% aluminium monostearate. Each 5 ml of 
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base supplies 1.1 roL of linolenic acid. OnejOT 
two teaspoonfuls (5 or 10 ml.) administered 
three times a day with meals is useful in the 
treatment of atherosclerosis. 

5 Example 5 Aqueous Suspension 

An aqueous oral suspension, containing in 
each tablespoon (10 ml.) 1,000 mg. of a poly- 
ethyleneimine - epicWorahydrin copolymer 
(Preparation 5), is prepared from the follow- 

10 ing materials: 

Polyethyleneimine- 

epicMorohydrin copolymer 1,000 Gm. 

Pectin, N.G. ™° Gl ?' 
Deionized water, q.s. 10,000 ml. 

15 One tablespoon (10 ml.) is given three times 
a day, with meals, to lower blood cholesterol 
in hypercholesteremic individuals. 
Example 6 Powder Packets 

Five thousand powder packets, each con- 
20 taining 25 Gm. of polyethyleneimme-glycidol 
graft polymer, are prepared from 125,000 
Gm. of the polymer (Preparation 10). 

One packet emptied and stirred into water, 
non-caloric fruit or vegetable juice or skimmed 
25 milk, is taken four times daily to reduce the 
serum sterol levels in hypercholesteremic 
patients. 

WHAT WE CLAIM IS:— m 

1. A pharmaceutical composition compns- 
30 ing "a non-toxic ingestible polymeric reaction 

product of a polyethyleneimine of the formula 

KH 2 — (CH 2 CH 2 NH) a — H 

-wherein n is a number from 4 to 1,000, and 
epicMorohydrin, glycerol- l a 3-dicMorohydiin 3 
35 1,2 : 3,4-diepoxybutane, bis-epoxypropyl ether, 
ethylene glycol bis-epoxypropyl ether, 1,4- 
butanediol bis-epoxypropyl ether, or an 
epoxide of the formula: 

O 

CHa— GH — R 

40 wherein R is hydrogen, hydroxymethyl, lower 
alkyl having from 1 to 6 carbon atoms inclu- 
sive or phenyl, or an acid addition salt of 
said reaction product other than a composition 
that is a non-sterile aqueous solution or an un- 

45 flavoured solution. . 

2. A pharmaceutical composition in the 
form of capsules containing the reaction pro- 
duct as denned in claim 1. 

3. A pharmaceutical composition in the 
50 "form of hard gelatin capsules containing the 

reaction product as defined in claim 1 that is 
in the form of a hydrochloride powder.^ 

4. A pharmaceutical composition _ in the 
form of a powder containing the reaction pro- 

55 duct as denned in claim 1 together with a 
food composition. mm . 

5. A pharmaceutical composition in the 



form of an oil suspension containing the re- 
action product as defined in claim 1 together 
with an oil base, _ 60 

6. A pharmaceutical composition as claimed 
in claim 5 in which the oil base is soya bean 
oil and linseed oiL #> 

7. A pharmaceutical composition in tne 
form of an aqueous suspension containing a 65 
reaction .product as denned in claim 1. 

8. A pharmaceutical composition in the 
form of an aqueous suspension as claimed in 
claim 7 together with pectin and deiomsed 
water. 

9. A pharmaceutical composition for 
administration to mammals other than humans 
comprising the reaction product as defined m 
claim 1 together with at least one edible solid 
dietary constituent. # # , ' 5 

10. A pharmaceutical composition accord- 
ing to any preceding claim in which the re- 
action product is tetxaethylenepentamine epi- 
cMorohydrin copolymer. m ^ 

11. A pharmaceutical composition as 80 
claimed in any of claims 1 to 9 in which the 
reaction product is tetraethyienepentamme 
l^:3,4-diepoxybutane copolymer. 

12. A pharmaceutical composition as 
claimed in any of claims 1 to 9 in which the 85 
reaction product is a polyethyleneimine glyci- 

dol copolymer. 

13. A pharmaceutical composition as 
claimed in any of claims 1 to 9 in which the 
reaction product is pentaethylenehexamine 90 
1,2 : 3,4-diepoxybutane. 

14. A pharmaceutical composition as 
claimed in any of claims 1 to 9 in which the 
reaction product is a polyethyleneimine ethy- 
lene oxide copolymer. 95 

15. A pharmaceutical composition accord- 
ing to any 'preceding claim additionally com- 
prising an unsaturated fatty add. 

16 A pharmaceutical composition as 
claimed in H«im 15, in which the unsaturated 100 
fatty acid is linoleic acid, arachidonic acid or 
linolenic acid. 

17. A pharmaceutical composition as 
claimed in any of the preceding claims addi- 
tionally comprising an edible vegetable oil. 105 

18. A pharmaceutical composition as 
claimed in claim 17 in which the edible vege- 
table oil is corn oil or safilower oiL 

19. A pharmaceutical composition as 
claimed in any of the preceding claims addi- 110 
tionafly comprising a choleretic agent. 

20. A pharmaceutical composition as 
claimed in 19 in which the choleretic 
agent is tocamphyl or florantyrone. 

21. A pharmaceutical composition as 115 
claimed in any preceding claim additionally 
comprising fecal softeners. 

22. A pharmaceutical composition as 
claimed in claim 20 in which the fecal softener 

is poloxalfcol or dioctyl sodium sulpho- 120 
succinate. 

23. A pharmaceutical composition as 
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claimed in any preceding claim additionally 
comprising a hypocnolesteremie agent other 
than tiie reaction product defined an claim 1. 

24. A pharmaceutical composition as 
5 claimed in claim 23 in which tihe additional 

•hypodiolesteremic agent is the D-isomer of 
3,3',5-triiodotyironine, or triiodothyropropionic 
acid. 

25. A pharmaceutical composition as 
10 claimed in any preceding claim additionally 

comprising a [thyroxine compound. 

26. A pharmaceutical composition as 
claimed in claim 25 in which dhe thyroxine 
compound^ is sodium-L- thyroxine or sodium 

15 D-thyroxine. 

27. A pharmaceutical composition as 
claimed in any preceding claim additionally 
comprising nicotinic acid. 

28. A pharmaceutical composition as 
20 claimed in any preceding claim additionally 

comprising clofibrate, 

29. A pharmaceutical composition as 
claimed in any preceding claims additionally 
comprising nafoxidine hydrochloride. 

25 30. A pharmaceutical composition as 
claimed in any preceding claim additionally 



comprising 5-methyipyrazole-3-carboxylic 
acid. 

31. A pharmaceutical composition as 
claimed in any preceding claim additionally 30 
comprising 3 - methyl - 5 - isox&zolecarboxylic 
acid 

32. A unit dosage of pharmaceutical com- 
position in which the dose comprises 0.5 grams 

to 25 grams of a reaction product denned in 35 
claim 1 together with a compatible edible oral 
carrier. 

33. A pharmaceutical composition as 
claimed in any of claims 1 to 32 substantially 

as herein described with reference to die 40 
Examples. 

34. A method of lowering hypercholesterol- 
emia in mammals excluding humans by admin- 
istering a pharmaceutical composition substan- 
tially as herein described with reference to the 45 
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